Aim: To assess the postoperative analgesic effect of intraarticular dexmedetomidine, when administered as an adjuvant with bupivacaine in arthroscopic knee surgeries.
INTRODUCTION
Knee arthroscopy is a common procedure and very often is performed as a day-case surgery. It seems that ambulatory arthroscopic surgery of the knee is preferred by the majority of properly selected and well-informed patients. It has been reported that a significant number of patients have moderate-to-severe pain 24 hours after ambulatory surgery, in general, and knee arthroscopy, in particular, and pain affects the patient's activity level and satisfaction. Arthroscopic knee surgery is associated with significant postoperative pain that may require systemic analgesia and can delay hospital discharge. It is common to undertake the procedure as a day case. Efforts have been made to determine the best method of pain relief, to maximize analgesia and minimize side effects. Analgesic approaches include systemic opioids, systemic nonsteroidal anti-inflammatory drug , and various other pharmacological agents. The use of locally administered analgesia with various agents is appealing, and intraarticular local anesthetic agents and intra-articular opioids have been reported in literature to be effective.
Dexmedetomidine (Precedex; Abbott Laboratories, Abbott Park, Illinois) was approved in the United States by the Food and Drug Administration (FDA), at the end of 1999, for use in humans as a short-term medication (< 24 hours) for sedation/analgesia in the intensive care unit (ICU). 1 This approval was only for intubated patients on mechanical ventilator, but, in 2013, FDA approval was given to dexmedetomidine for sedation of nonintubated patients prior to and/or during surgical and other procedures. 2, 3 Dexmedetomidine is a potent and highly selective alpha (2)-adrenoreceptor agonist currently utilized for continuous infusion for sedation/analgesia in the ICU. 4, 5 Dexmedetomidine offers remarkable pharmacological properties including sedation, anxiolysis, and analgesia along with its unique property to cause no respiratory depression. In addition, it also possesses sympatholytic and antinociceptive properties, which allow hemodynamic stability during surgical stimulation. Several studies have demonstrated its safety, although bradycardia and hypotension are the most predictable and frequent side effects. Dexmedetomidine has shown to consistently reduce opioids, propofol, and jORApAIN benzodiazepines requirements, and, in the recent past, has emerged as an effective therapeutic drug in a wide range of anesthetic management, promising large benefits in the perioperative period. Intra-articular dexmedetomidine may be useful to avoid the adverse hemodynamic effects of intravenous (IV) administration, while still providing the postoperative analgesia.
A myriad of agents have been studied for their potential use in attenuating postoperative pain following knee arthroscopy. Many of the reported studies have focused on amide local anesthetic agents, as these are the most widely used in clinical practice. Despite multiple studies, there is no agent that appears clearly superior to the rest.
This study was designed to assess and compare the postoperative analgesic effects of intra-articular dexmedetomidine administered as adjuvant with local anesthetic bupivacaine in patients undergoing arthroscopic knee surgery.
MATERIALS AND METHODS
After obtaining institutional ethical committee approval, the present study was conducted by the Department of Anesthesiology, Indraprastha Apollo Hospital, Sarita Vihar, New Delhi, India, with written informed consent taken from the 60 patients enrolled and scheduled for elective unilateral arthroscopic knee surgeries to be performed under general anesthesia.
Study Design
It was a randomized, double-blind, controlled, and prospective study.
Sample Size Estimation
Sample size estimation was based on previous studies using a dichotomous (success/failure, yes/no, etc.) primary variable. For example, 25% of the participants on the standard therapy had a successful outcome and it is of clinical relevance only if we observe a 40% (effect size) absolute improvement for those on the study therapy (i.e., 65% of the participants in the study will have a successful outcome). To determine the number of participants to observe a significant difference for a two-sided test of 5%, a simple formula to calculate the sample size is given by Hence, 27 × 2 = 54 participants will be needed for the power of the study to be 80%. Considering 90% response rate, 60 patients were selected for the study, who were divided into two groups.
Sampling
Systematic sampling methodology was used for selecting the desired number of patients in each group. In systematic sampling, the first patient is randomly selected and the others are drawn from the clinical database according to a sample interval defined as N/n until achievement of the desired sample size.
Inclusion Criteria
After taking informed consent, 60 adult patients of either sex, and of American Society of Anesthesiologists (ASA) grade I and II, who underwent elective knee arthroscopic surgery at our institution, have been included in the study.
Exclusion Criteria
The various exclusion criteria taken for the study were as follows: 
Allocation
The 60 patients included in the study were divided into two groups, each containing 30 patients. Group BD: 30 patients receiving 0.5% bupivacaine and dexmedetomidine Group BS: 30 patients receiving 0.5% bupivacaine and saline
Masking
The study has been double blinded with both the anesthesiologist and the orthopedic surgeon administering the drug, blinded to the study.
Preoperative Evaluation
In all patients, a complete preanesthetic evaluation was done. Age, body weight, and baseline vital parameters jorapain were recorded, along with a complete physical examination and airway assessment. History regarding previous anesthesia, any previous surgery, any significant medical illness, medications, and allergy was also recorded. On preoperative rounds, the procedure was explained to patients and they were also taught to interpret the VAS (graded from 0 = no pain to 10 = maximum pain).
Anesthesia and Intraoperative Period
The ASA Task Force guidelines for preoperative fasting were carried out in all patients. On the operation table, routine monitoring [electrocardiogram, pulse oximetry, noninvasive blood pressure, end tidal carbon dioxide (EtCO 2 )] along with baseline vital parameters like heart rate (HR), blood pressure (systolic, diastolic, and mean), and arterial oxygen saturation monitoring were done. After securing an IV line, induction of anesthesia was done by fentanyl 2 µg/kg and propofol 2 to 3 mg/kg. Airway was maintained with appropriate sized laryngeal mask airway (LMA) after muscle relaxation with atracurium besylate in a dose of 0.5 mg/kg. Anesthesia was maintained with 33% oxygen in nitrous oxide and isoflurane with a MAC level of 1. Muscle relaxation was maintained by intermittent bolus doses of atracurium. The patients were then put on mechanical ventilation to keep EtCO 2 between 35 and 40 mm Hg. For surgeries extending beyond 1 hour, all patients received fentanyl 1 µg/kg, 45 minutes after receiving the first dose of fentanyl. Following end of the arthroscopic procedure, patients then received one of the following intra-articular solutions (prepared by an individual not involved in the study), which was injected into the knee joint through the arthroscopic cannular sheath after withdrawal of camera, by the orthopedic surgeon (who was also unaware of the nature of the study drugs). In group BS, 19 mL of 0.5% bupivacaine and 1 mL isotonic saline (total volume 20 mL) was administered into the knee joint. Similarly, group BD patients received 100 µg dexmedetomidine (1 mL) added to 19 mL 0.5% bupivacaine (again making a volume of 20 mL). After this, the tourniquet was deflated, and then the closure of the wound completed. Subsequently, at the end of surgical procedure, LMA was taken out after adequate reversal of neuromuscular paralysis using IV glycopyrolate and neostigmine.
Postoperative Period
After completion of the surgery, patients were transferred from the operation theatre to the adjacent postanesthesia care unit, and intensity of pain and vital parameters were assessed after 30 minutes and then at 1, 2, 4, 10, 18, and 24 hours. The patients were also monitored for nausea and vomiting, sedation, hypotension (defined as systolic blood pressure > 20% decrease from baseline), and bradycardia (HR < 60 beats/minute) during this period of 24 hours. Pain intensity was monitored using the VAS and sedation scoring was done as per the Ramsay score. Tramadol 50 mg IV and diclofenac sodium 75 mg IV were then used as rescue analgesic drugs, in case of pain score greater than 3. The total amount of rescue analgesia received over 24 hours was noted and documented, along with the time of the first rescue analgesic requirement.
Statistical Analysis
Normally distributed continuous variables were compared using the unpaired t-test, whereas the Mann-Whitney U test was used for those variables that were not normally distributed. Categorical variables were analyzed using either the chi-squared test or Fisher's exact test. For all statistical tests, p-value less than 0.05 was taken to indicate a significant difference.
RESULTS
The main salient finding in our study is that intra-articular dexmedetomidine in a dose of 100 µg, when used as an adjuvant to intra-articular 0.5% bupivacaine at the end of arthroscopic knee surgeries, enhanced postoperative pain relief. It also reduced the need for postoperative analgesia and prolonged the time to first analgesic request.
There were no significant differences between both the groups with regard to age, weight, gender, type, and side of surgery (Tables 1 to 3 ). There were also no significant differences in the baseline VAS, HR, and MAP. At the end of surgery, as per the protocol, the study group (group BD) received intra-articular 0.5% bupivacaine and 100 µg dexmedetomidine, while the control group (group BS) received 0.5% bupivacaine and normal saline intra-articularly (both groups receiving total volume of 20 mL). After completion of the surgery, patients were transferred to the postanesthesia care unit, and intensity of pain and vital parameters were assessed after 30 minutes and then at 1, 2, 4, 10, 18, and 24 hours. The patients were also monitored for nausea and vomiting, sedation, hypotension (defined as systolic blood pressure > 20% decrease from baseline) and bradycardia (HR < 60 beats/minute) during this period. Pain was monitored using the VAS, and sedation scoring was done as per the Ramsay sedation score. The significant finding in our study was the increased VAS scores (Table 4 ) and the increased use of tramadol (Table 5) in the control group (group BS) as compared with the study group (group BD), at time intervals of 30 minutes, 1 hour, and 2 hours. These findings are consistent with the previous studies by Paul et al 6 and
by Al-Metwalli et al, 2 and can be explained by the local analgesic effect provided by intra-articular dexmedetomidine. From 4 hours onward, there was no statistically significant difference of VAS scores and tramadol use, between the two groups. The 4th hour time interval showed slightly increased VAS score and tramadol usage in the study group as compared with the control group, although this difference was statistically insignificant. This could be due to the fact that the control group required more tramadol in the time period from 30 minutes to 4 hours; and at the 4th hour time interval, the patients in the control group were under the action of the rescue analgesic given. The patients in the study group, meanwhile, had significantly decreased VAS scores in the 30 minutes to 4 hour time period due to the effect of dexmedetomidine and thus, had received less analgesic as compared with the control group until 4 hours. From a pharmacokinetic perspective, dexmedetomidine has a half-life of 2 hours, and the duration of action of dexmedetomidine is approximately 4 hours after IV administration; however, the duration of action following intra-articular infiltration is not known. In our study, the effect of intra-articular dexmedetomidine probably begins to wear off at 4 hours, and hence, the patients in the study group start showing higher VAS scores at this point of time. Paul et al, 6 in their study, monitored the pain scores at 1, 2, 6, 10, 18 hours and found statistically significant difference in pain scores till 6 hours. The dose of dexmedetomidine was 100 µg, but they used 0.25% ropivacaine as the local anesthetic agent. There was no information available about the time of tourniquet release in relation to the time of intra-articular infiltration. In our study, the tourniquet was released after the infiltration. The other statistically significant finding in our study was that the mean duration of analgesia (delay between the intra-articular injection and the first postoperative analgesic demand) was longer in the study group BD (median 4 hours) compared with control group BS (median 1 hour). The interquartile range for group BS (control group) was 0.5 to 2 hours, while that for group BD was 1 to 10 hours (Table 6 ). The finding was statistically significant with a p-value of 0.012. We also saw found 50% of the patients in the study group did not require any supplementary analgesia over 24 hours in comparison with only 13.3% patients in the control group, and this is a statistically significant finding with a p-value of <0.001. About 30% of group BS patients required supplementary analgesia twice in 24 hours, while the percentage of such jorapain patients in group BD was only 6.7%, with a statistically significant p-value of 0.042. The difference in the requirement of the second analgesic (diclofenac) between the two groups was found to be statistically insignificant ( Table 7) . As regards the level of sedation also, the two groups were found to be comparable with no statistically significant difference. We can conclude by saying that intra-articular dexmedetomidine, administered as an adjuvant to local anesthetic 0.5% bupivacaine, improves the quality and duration of postoperative analgesia after unilateral knee arthroscopic surgeries.
CONCLUSION
The main findings of the study after statistical analysis were as follows:
• The pain scores observed in the study group were significantly less during the first 2 hours after surgery, as compared with the control group. • The requirement of analgesia was more in the control group during the first 2 hours. • The time for the first analgesic requirement was significantly delayed in the study group, when compared with the control group. • The pain score and the requirement of analgesia started to rise slightly in the study group at the 4-hour time interval, although it was statistically insignificant.
• Addition of intra-articular dexmedetomidine did not show increased levels of sedation in the study group, and it was comparable with the control group at all the time intervals.
• The difference between the two groups in the use of the second rescue analgesic (diclofenac) was found to be statistically insignificant. • About 50% of the patients in the study group did not require any supplementary analgesia over 24 hours in comparison with only 13.3% patients in the control group, and this is a statistically significant finding with a p-value of <0.001 (Table 8) .
Our study has shown that supplementation of intraarticular dexmedetomidine to intra-articular 0.5% bupivacaine improves the quality and duration of postoperative analgesia in patients undergoing arthroscopic knee surgeries under general anesthesia. It has also simultaneously shown a reduction in the total requirement of parenteral analgesics, and also perhaps their related side effects.
CLINICAL SIGNIFICANCE
Arthroscopy of the knee has spared patients large incisions and decreased morbidity compared with those of open procedures, but it has not eliminated pain. 7 Most of the intraarticular structures of the knee, including the synovial tissue, the anterior fat pad, and the joint capsule, have free nerve-endings that are capable of sensing painful stimuli and producing severe pain. 8 Arthroscopic procedures may cause enough pain and swelling to delay rehabilitation and return to work for up to 2 weeks after surgery. 3, 9 Patients who cannot complete a rehabilitation program may be at an increased risk for postoperative complications (delay in strength recovery, prolonged knee stiffness, anterior knee pain). 3,9,10 Therefore, aggressive pain management in the early postoperative period is essential and can enhance convalescence after arthroscopy.
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In our study, the primary aim was to determine if intra-articular dexmedetomidine can be an ideal adjuvant to intra-articular bupivacaine in providing satisfactory postoperative analgesia to patients undergoing unilateral knee arthroscopies.
Dexmedetomidine is a α2-adrenergic receptor (α2-AR) agonist like clonidine. The α2-AR agonists produce clinical effects after binding to G-protein-coupled α2-AR, of which there are three subtypes (α2A, α2B, and α2C) with each having different physiological functions and pharmacological activities. 12 These receptor subtypes are found ubiquitously in the central, peripheral, and autonomic nervous systems, as well as in vital organs and blood vessels. Dexmedetomidine is about 8 times more selective toward α2-AR than clonidine. 12 Alpha-2 adrenergic agonists produce their analgesic effects through supraspinal, spinal, and peripheral actions. The analgesic effect of intra-articular dexmedetomidine appears to be mainly due to direct local action. However, a central analgesic effect resulting from systemic absorption cannot be excluded. The mechanism of analgesic effect of intra-articular dexmedetomidine might be similar to that of intra-articular clonidine. Clonidine produces analgesia mainly through inhibition of the transmission of nociceptive stimulation in the dorsal horn of spinal cord. Dexmedetomidine, like clonidine, may provide local anesthetic effects, which inhibit the conduction of nerve signals through C and Aδ fibers, and may stimulate the release of encephalin-like substances at peripheral sites.
Administration of intra-articular dexmedetomidine also did not show any of the known adverse effects of IV dexmedetomidine, such as bradycardia, hypotension, and transient hypertension. Addition of intra-articular dexmedetomidine did not show increased levels of sedation in the study group, and it was comparable with the control group at all the time intervals.
Knee arthroscopies are nowadays predominantly moving toward being daycare procedures, and, in this scenario, the opioid-sparing effects of our regimen, along with the absence of adverse effects, are highlighted more.
